Abstract : The importance of the measurement of glycosylated haemoglobin as a quantitative index reflecting metabolic control in diabetics during the preceeding four to six weeks is now well established. The suitability of the colorimemc method of Fluckiger and Winterhalter as a technique adaptable for developing countries has been evaluated. Incubation with oxalic acid for one hour indicated good precision with coefficient of variation within assay of 3.19 (n=20) and between assay of 2.8% (n=15) for normals and 1.8% for diabetics. 0-D-fructose was also used in addition to 5-hydroxy methyl furfuraldehyde (HMF) as standards. This gives a measure of efficiency of the reaction. The non-specific blank value for all samples were a constant. Whole blood sam les could be stored at room temperature (30 f 3 '~) for 5 The mean %HbA1 for pregnant women (n=15) in the 3rd trimester of pregnancy was 7.0% f 0.7 The colorimetric method meets many of the criteria for an ideal laboratory test. It proves to be the most suitable method for the measurement of glycosylated haemoglobin in developing countries.
Introduction
The minor haemoglobins (also referred to as fast haemoglobins2 -HbAl) accounting for about 8% of total haemoglobin in blood arise from nonenzymatic post translational modifications of haemoglobin A (HbA) (Figure 1 ). HbAlc constitutes the major fraction.
HbAlc is. f~r m e d from HbA by the chemical condensation of a.molecule of glucose specifically with the NHp-terminal of the 0-chain of HBA.' It is a slow process occuring during the entire life span of the erythrocyte 5 and is dependent on in vivo concentration of glucose. HbAlC levels are therefore elevated in diabetics. The measurement of HbAIc approximately reflects the time averaged serum glucose concentration in the preceeding four to six weeks17 and hence gives a precise reflection of metabolic control in diabetes over a long period of time.
Methods described for the measurement of glycosylated haemoglobin include electrophoresis,' ion exchange chromatography,2 hi h pressure liquid chromatography ( H P L C ) ,~ affinity chromatography,k8immuno-assay,16 fluorometryl and colorimetry. 11 Prior to the present investigation no studies have been carried out in Sri Lanka on glycosylated haemoglobin. We have therefore evaluated a suitable colorimetric technique originally described by Fluckiger & winterhalter' ' and subsequently modified by Worth et and established the reference values for Sri Lanka.
In this method the carbohydrate moeity is cleaved by acid hydrolysis to yield 5-hydroxy methyl furfuraldehyde (5-HMF) which is subsequently complexed with thiobarbituric acid. The resulting chromogen has a maximal absorbance at 443 nm.
The colorimetric method determines all glycosylated haemoglobins. Ideally m A I c should be the fraction that should be quantitated. However, the determination of total glycosylated haemo lobin has .been shown to correlate well with the measurement of HbA12' and ~b~~2 by column chromatography.
Materials and Methods
All reagents used were of analytical grade. Spectrophotometer readings were obtained on a Pye Unicam UV/VIS spectrophotometer (Model SP6 -450 UV/VIS). Bench centrifuge was used for all centrifugation purposes. All experiments were camed out at room temperature (30°C + 3' ) unless otherwise specified.
Standard haemoglobin solutions
Standard haemoglobin z_oluions were prepared according to Van Kampen and zijlstraZ6 (~emi~lobincyanide method) and standardised according to ~a n n a n .~ These prepared solutions were stored in brown vials at 4OC after standardising with commercially available haemoglobin standards (Acuglobin-Ortho diagnostic systems U.S.A.).
Collection of Blood Samples
All blood samples (5 ml) were obtained into heparinised vacutainers. Normoglycaemic samples for males (average age 26.1 + 5.86, n = 70) and females (average age 24.01 ? 5.6, n = 30) were collected from the Central Blood Bank, General Hospital, Colombo. Blood samples from diabetic patients of both sexes (average age 47 + 13.5, n = 107) were obtained from the General Hospital, Colombo.
Determination of Haemoglobin
Samples of blood (5 ml) collected into heparinised vacutainers were centrifuged (1500g, 10 min) and the plasma removed. The red blood cells were washed twice in an equal volume of physiological saline (0.154M). The cells were haemolysed by the addition of one or two volumes of distilled water and carbon tetrachloride (0.25 vol). The mixture was vortexed for 5 min and centrifuged (1500g, 15 rnin). The clear haemolysate was collected and the haemoglobin concentration of the haemolysatt was determined by the method of V~Q Kampen and zijlstraZ6 by adding haemolysate (20 ~1 ) to hemiglobincyanide reagent (5 ml). After at least 3 rnin the optical density was measured at 540 nm and the haemoglobin concentration (g/l) calculated by the use of already prepared standards or O.D. x 377.Blank used was distilled water. Samples were then accurately adjusted to 50 g/1 total haemoglobin concentration by the addition of distilled water.
Determination of glycosylated haemoglobin
Oxalic acid (1 ml, 0.3M) was added to an aliquot (2 ml) of adjusted haemolysate, mixed and placed immediately in a boiling water bath at 100°C for exactly 60 min. Evaporation was. minimised by placing glass marbles on each test tube. After incubation samples were cooled in cold water for 2 rnin and deproteinisation carried out by the addition of trichloroacetic acid (1 ml, 40% w/v). The tubes were vortexed (30 seconds) and then centrifuged (1500g, 15 rnin). Thiobarbituric acid (0.5 ml, 0.05M) was added to the clear supernatant (2 ml), mixed and incubated (40°C, 60 min). The colour developed was read at 443 nm.
Included in each assay were a blank using distilled water instead of haemolysate, aqueous standards of 5-HMF (0.01 mM/L to 0.05 mM/L), aqueous standards of fructose (1 mM/L t o 4mM/L) and diabetic and normal pooled haemolysates previously stored at -20°C.
Correlation with column method
Twenty samples of blood ( 8 normals and 12 diabetic) were assayed both by the ion-exchange column procedure and by the colorimetric method.
Comnlercial microcolumns were obtained from Bio-rad laboratories, Richmond, California.
Effect of storage of samples
Whole blood, washed packed erythrocytes, and haemolysates (50 g/l) were stored at various temperatures and assayed periodically. Determinations were performed in triplicate.
2.7 Washing for the removal of glucose Aliquots (2 ml) of 20 haemolysates (all diabetics), the haemoglobin concentration of which were previously adjusted (50 g/l) were analysed for the presence of glucose by the glucose oxidase method.'
Effect of Haemoglobin concentration on colour development
Pooled normal haemolysates were adjusted to total haemoglobin concentrations varying from 15 g/l to 100 g/l. These were assayed and the colour developed read at 443 nm. Determinations were performed in triplicate.
2.9 Effect of Incubation time with 0.3 M oxalic acid on colour development Aliquots (2 rnl) of normal pooled haemolysate (50 g/l) were incubated with oxalic acid (2 ml, 0.3 M) and periodically samples were removed from the incubation chamber and assayed. Determinations were performed in duplicate.
Stablility of prepared haemoglobin standards
Baemoglobin standards were prepared7 and standardised with commercially available Acuglobin (Orthodiagnostic systems, USA). The standards were stored in coloured vials at 4 '~. The optical density at 540 nm was determined at various time intervals, ranging over six months.
Variabon in the total haemoglobin adjustment t o 50 g/l
Unadjusted haemolysate was obtained after washing of the red cells. An . aliquot (20 pl) of the haemolysate was added to hemiglobincyanide reagent (5 ml) and the colour developed was read at 540 nm after at least 3 minutes. Twenty such determinations were performed.
Effect of concentration of oxalic acid on colour development
The effect of the molarity of oxalic acid on colour development was investigated on pooled normal haemolysates (50 gp). Determinations were performed in triplicate.
Effect of incubation time with thiobarbituric
Twenty aliquots ( 2 ml) of supernatant (obtained after digestion with oxalic acid) were incubated with thiobarbituric acid (0.5 ml, 0.05 M) at 40°C. The optical density at 443 nm were measured at various time intervals.
Standards
Both 5-HMF and 0-D-fructose in appropriate concentrations were used as standards in duplicate. Fructose standards were used to. measure the efficiency of the reaction.
Effect of heating 5-HMF with 0.3 M oxalic acid at 1 0 0~~
Varying concentrations of 5-HMF (2 ml) were heated with oxalic acid (1 ml, 0.3 M) in a water bath (lOO°C, 1 hour) and the normal assay was performed. To identical varying concentrations of 5-HMF were added oxalic acid (1 ml, 0.3 M) but wasnotheated (lOO°C, 1 hour) and the normal assay performed. The colour developed was read at 443 nm.
Recovery of Added 5-HMF
Normal and diabetic pooled haemolysates were adjusted to 100 g/1 total haemoglobin concentration. To the haemolysate (1.0 ml) was added varying concentrations of 5-HMF (1 ml), so that the final concentration of haemoglobin was 50 g/l. The haemolysates were then assayed. Determinations were done in triplicate.
Intra assay coefficient of variation
Multiple (n=20) analysis of blood obtained from one donor was carried out in a single assay.
Inter assay coefficient of variation
Pooled haemolysate from normal and diabetic subjects stored at -20°C were assayed in 15 consecutive runs during a period of a month. Also included were aliquots of standard fructose ( 4 mM). All results were obtained in duplicate.
Blank values and non-specific colour production
Haemolysate (50 ml) was prepared and haemoglobin concentration adjusted to 50 g/l. Aliquots were then analysed as described below. a) i. Five aliquots (2 ml) were assayed as described previously.
. .
n. The non-specific colour produced was determined by adding distilled water (0.5 ml) instead of thiobarbituric acid to the supernatant.
iii. Five aliquots (2 rnl) were assayed as described except that water (1 ml) was added instead of oxalic acid (1 ml). iv. Five aliquots (2 ml) were assayed as described except that the samples w e r e m h e a t e d at 100°C.
b)
Adjusted haemolysate (30 ml) was ultrafiltered under centrifugation (2000 g, 30 min) using Centricon Microconcentrator Membranes (purchased from Amicon Corporation) to obtain a protein free ultrafilterate.
i. Two aliquots (2 ml) of the ultrafilterate were assayed as for glycosylated haemoglobin.
ii. The non-specific colour produced by the ultrafilterate was determined by adding distilled water (0.5 ml) instead of thiobarbituric acid.
Validation of modified method
Haemolysates (50 g/l) hom diabetics and normals were mixed in varying
proportions to obtain a final volume of 2 ml. The different combinations were now assayed and colour developed read at 443 nm.
~e s u l t s and Discussion
The importance of the measurement of glycosylated haemoglobin for the evaluation of long term glycaemic control is apparent from studies canied ' out so far. Numerous methods for its quantitation have been made available since its importance had been recognised. A cheap but sensitive and reproducible method that could be standardised between laboratories is the colorimetric meth d originally described b Fluckiger and winterhalter'' and subsequently\odified by Worth 2 aI.Y8 However, very few attempts have been made to standardize the method 'so that results could be compared from all laboratories.
This investigation centred around the evaluation of a number of critical factors of the colorimetric technique, and its usefulness as a routine assay. The study on the effect of storage of samples on glycosylated haemoglobin content prior to assay showed that whole blood could be stored over a week at 4OC and 5 days at room temperature (30 + 3OC). Worth et have reported it to be stable for 2 weeks at room temperature and 4OC.
Haemolysates were found to be stable for onlv 30 days at -20°C. I t has also been reported to be stable upto 70 days. 2 3 pecararo2 although has commented about the stability of frozen samples but has failed to indicate the temperature at which it was stored. According t o Worth et a~? .~ haemolysates were stable upto 6 months at -70°C. In the absence of deep freezing facilities in most laboratories in Sri Lanka, it is advisable not t o attempt to store the haemolysates, but whole blood can be stored upto 6 days and assayed in one batch. Washed packed cells were stable at room temperature for only 3 days and is consistent with the results of Fischer et al.
At 4O C and -20°C the washed packed ceUs were stable only upto 9 days. The stability of whole blood and haemolysates are of great practical importance for a routine assay.
Initial dialysis has been carried out prior to the assay.20~23 This is a serious setback of the assay because of the time factor involved. However, the assay of the haemolysate for glucose by the glucose oxidase method in the present study did not reveal any detectable levels of glucose. I t therefore seems unnecessary to include a prior dialysis step.
The precision of the method is dependent on the initial accurate adjustment of haemogIobin concentration t o 50 911. Worth et a~?~ have reported a conversion factor of 377 by which the optical density at 540 nm is multipled to give the haemoglobin concentration of unadjusted haemolysate in g/l. The accuracy of this was checked using standard Acuglobin vials (Ortho diagnostic systems, USA) available commercially and was found t o be in fair agreement. However, as the pH of the hemiglobincyanide reagent affects the optical density, it should be adjusted accurately. Using the haemoglobin standards prepared in our laboratory, the coefficient of variation was found to be 2.8% (~2 0 ) .
Results on the stability of prepared haemoglobin standards which were stored for over 6 months and assayed periodically were acceptable.
The study on the effect of haemoglobin concentration on colour development at 443 nm indicated a linear response upto 75 g/l ( Figure 2) followed by flattening of the curve above this concentration. This is consistent with the findings previously reported.28 A linear response between haemoglobin concentration (5 g/l to 80 g/l) has also been reported.10 Apparent non-linearity in colour development has also been reported. 20,27 pecoraro2 observed a linear relationship upto 20 g/l. From the results obtained in the present studies an o timum haemoglobin concentration of 50 g/l as proposed by Worth e t al!' which gives adequate colour development and ensures linearity was selected for the assay.
The study of the effect of oxalic acid concentration on colour development showed (Figure 3 The reaction is non-stoichiometric and our study indicated that even after 6 h no end-point in colour development could be achieved, although it tends to stabilize between 6% and 7 hrs (Figure 4) . A linear increase in colour development was observed upto 3 hours foilowed by a subsequent fall off in the rate. Based on our studies, we have used an incubation period of 1 h. Since the rate of colour development is slow, a small error in timing will have a negligible effect on optical density at 443 nm and hence will not sacrifice the precision of the assay. However, quick cooling at the end of exactly 1 h incubation followed by immediate deproteinisation (which arrests the release of 5-HMF) with trichloro-acetic acid is recommended.
In the final colour development by incubating the deproteinized supernatant and thiobarbituric acid, our studies indicated the need for a minimum of 45 min incubation time for maximum colour development ( Figure 5 ). Hence it is recommended that an incubation period of 60 minutes be used. Abraham et al? and saibeneZ3 have incubated for 40 minutes which may be inadequate at times. It is also apparent (Figure 5 ) that the rate of colour development was extremely rapid in the first 10 minutes followed by a slow gradual increase from there on until 45 minutes. I t was also found that the maximum colour developed was stable for 2% h and therefore readings could be taken within this period.
'
A major criticism of the colorimetric assay is the occurence of high blank values. The sample blank was obtained by replacing haemolysate with distilled water. The value for this has always been low or zero and hence negligible. Even before the addition of thiobarbituric acid for final colour development a significant (11.32% of total colour development) amount of non-specific colour development was observed (Table 1 ). This was a constant for all haemolysates. This value was therefore substracted from the final optical density at 443 nm. (ii) Non specific colour production 0 0
The reagent blank value was obtained by replacing oxalic acid with water. A high blank response was observed (59% of total colour development). Even the haemoglobin free filterate produced significant amounts o f colour. Dolhofer and wieland9 have used sodium borohydride for the preparation of sample blanks, which is subsequently removed by dialysis. This step was found to be unnecessary as good correlations with microcolumns have been obtained in this study and that of Worth et a1Z8 and Pecoraro et al?' omitting this step.
One study of the colorimetric method showed a poor correlation with a column method.' But in recent years extremely good correlations have been reported with both the micro and macro .columns. 12, 21, 23, 28 The poor correlation may have been due to the lack of control of variable factors in the column method. A good correlation with a commercial microcolumn kit was obtained in this study (r=0.92, n=20) . This was used as the basis for the conversion of optical density values at 443 nm to the generally known per cent HbA values. The regression line (Figure 6 ) intersects the X axis. This is because t b e colorimetric assay detects glycosylation not only at the N-terminal amino group of the /3-chains, but -also the substantial glyco- Included in the assay in addition to standard 5-HMF, were standard fructose solutions as recommended by ~0 1 d s t e i n . l~ The optical density developed at 443 nm from the fructose solutions gives a good measure of the efficiency of the reaction. The amount of 5-HMF formed from fructose is dependent on the time of heating and oxalic acid concentration. Hence the colour developed from fructose standards can be converted to 5-HMF values from the standard graph for 5-HMF and results expressed as an index of 5-HMF. Furthermore the possible errors arising from variations in heating time (1 h) and concentration of oxalic acid etc all of which contribute to intertasAay variations could be minimised.
The present studies indicate that HMF is not destroyed on heating with 0.3 M oxalic acid and also there is no loss of added 5-HMF (Recover = 100% + 0.5 ) (Figure 7 ). This is consistent with the previous reports. The intra assay coefficient of variation was 3.19% and the inter assay coefficient of variation obtained from 1 5 consecutive runs was 2.8% for normals and 1.8% for diabetics and 2.1% using a single fructose standard.
Three indices could be used for reporting glycosylated haemoglobin values. The reference range for glycosylated haemoglobin (HbA1) for Sri Lankan population (average age 25.5, n=100) is 4.26 to 7.4 per cent (Mean k 2SD) with a mean of 5.86 per cent. In terms of micromoles of HMF liberated, the range is 0.29 to 0.48 pM HMF/g Hb. The reference values could also be given in terms of micromoles of fructose according to which the reference range for Sri Lanka is 17.02 to 27.73 pM fructose/g Hb with a mean of 22.37 pM fructoselg Hb (Figure 10 ).
There was no significant difference between males and females. The mean for non-insulin dependent diabetics (Average age 47, ~1 0 7 ) was 10.83% HbAl or 0.68 pM HMF/g Hb or 39.4 pM fructoselg Hb.
The reference values in the present studies for Sri Lanka are in close agreement with those quoted for other countries. Figure 10 . Glycosylated haemoglobin levels in 107 diabetic subjects and 100 normals Mean f SEM are indicated by the bars.
NORMALS DIABETICS
Presently 30 samples a day are analysed for HbA1. Average time of assay is approximately 3 hrs.
The colorimetric method for the determination of glycosylated haemoglobin in recent times has received much attention. I t meets many of the criteria for an ideal laboratory test. Costwise, it is very cheap. About 2% of the cost for commercial kit methods and needs negligible initial investment. I t has a high precision. The method is not laborious and less time consuming than most column methods. This is an important factor for a routine assay. It is easy to standardize between laboratories. The technique does not need specialised equipment and expertise. Therefore even regional hospitals in Sri Lanka can carry out the assay. If necessary the %say could be automated. 6 , 2 2 It has no interference from the labile fraction3*14 and samples could be stored for a fair period before they are assayed.
Apparent disadvantages are the use of cyanide solutions and the lack of glycosylated haemoglobin standards. However, as shown earlier the latter can be overcome by the use of fructose standard solutions and/or pooled normal and diabetic haemolysates previously stored at -20°C or better -70°C. Also the assay does not measure HbAl or HbAlc but overall glycosylation. But as definite relationships have been established between the various indices of the colorimetric method and column method, this disadvantage is rectified. Considering the overall factors, the colorimetric method proves to be the most suitable method for the measurement of glycosylated haemoglobin as a routine assay to evaluate long term glycaemic control.
